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1. 

RECONDITIONING EQUALIZER FILTER 
USING CONVOLUTION 

BACKGROUND OF INVENTION 

The present invention relates to a reconditioning equalizer 
filter using convolution to boost the performance of any com 
munication transmitter with non-constant envelope signal. 
The reconditioning equalizer filter input could be baseband, 
intermediate frequency (IF), or RF signal, and its output is the 
peak reduced and Smoothen baseband signal that can be up 
converted to IF or RF. In any wireless communication system 
one of the critical sub-systems is the transmitter. This sub 
system has a major contribution in cost, power consumption, 
and size of the system. The main reason is the requirement of 
communication transmitter Sub-system for linear compo 
nents. The higher the linearity, the higher the power consump 
tion, cost and size. In order to minimize the cost, size and 
power consumption there is a need for techniques that over 
come this problem. This invention conquers these challenges 
by using a simple and accurate reconditioning equalizer filter 
using convolution module used at the input to this Sub-sys 
tem. 

SUMMARY OF INVENTION 

According to the invention, a low-cost reconditioning 
equalizer filter using convolution to reduce the crest factor of 
baseband signal, for use with any communication transmitter 
Sub-system with non-constant envelope signal, uses a plural 
ity of simple and accurate algorithm in conjunction with 
intelligent signal processing to improve signal handling of 
any wireless, optical, or wireline communication transmitter. 
By intelligent, it is meant that the algorithm has features of 
maintaining the signal emission and quality requirements 
while applying the reconditioning equalizer filter using con 
Volution. The reconditioning equalizer filter using convolu 
tion utilizes the transmitter sub-system input which could be 
a baseband, an IF or RF signal as its input and conditions and 
Smoothens the signal before applying to the transmitter Sub 
system. The conditioning and Smoothening helps to boost the 
power handling of the transmitter Sub-system or acts more 
linearly. The inputs to the reconditioning equalizer filter using 
convolution should be within a limit that can be handled by 
the reconditioning equalizer filter using convolution. 

In a particular embodiment, the reconditioning equalizer 
filter's algorithm comprises a signal processing module. The 
signal processor performs the signal conditioning and 
Smoothening. 
The invention will be better understood by reference to the 

following detailed description in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall function diagram of the reconditioning 
equalizer filter using convolution 

FIG. 2 is the detail function diagram of the reconditioning 
equalizer filter using configurable convolution low pass filter 
in a first feedforward loop 
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2 
FIG.3 is the detail function diagram of the reconditioning 

equalizer filter using convolution with adjustable out of band 
signal level in a second feedforward loop 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

In a first preferred embodiment of the invention, the recon 
ditioning equalizer filter using convolution utilizes Sub-har 
monic sampling to convert RF or IF signals to digital base 
band signal. In a second preferred embodiment the main 
baseband signal is amplitude conditioned and Smoothened 
using a reconditioning equalizer filter using convolution. In a 
third embodiment the reconditioning equalizer filter using 
convolutionadjusts the injected in band and out of band signal 
into main baseband signal by configuring a convolution filter 
in a feed forward loop. In a fourth embodiment the recondi 
tioning equalizer filter using convolution adjusts the injected 
out of band signal into the main baseband signal using a 
second feedforward loop. In fifth embodiment one of the 
convolving signals is a pre-configured baseband signal and 
the other signal to convolution filter is the subtraction of the 
delay and gain adjusted main baseband signal and the peak 
reduced main baseband signal. In a sixth embodiment the out 
put of the reconditioning equalizer filter using convolution is 
used as the new input to the transmit Sub-system. 

Referring to FIG. 1, a reconditioning equalizer filter using 
convolution function diagram is illustrated. The recondition 
ing equalizer filter using convolution 200 receives its main 
baseband input 100 and produce conditioned and smoothened 
output 300. The reconditioning equalizer filter using convo 
lution performs the following functions: 

1. Condition and smoothen the amplitude of the input 
signal 100 before applying it to transmitter sub-system. 

2. Adjust the gain in the signal paths to keep the total gain 
from input to output of the reconditioning equalizer filter 
using convolution unity. 

FIG. 2 illustrates the detail function diagram of the recon 
ditioning equalizer filter using convolution. The received 
main baseband signal 100 is applied to Peak Reduction Filter 
(PRF) 201 to produce peak reduced main baseband signal 
250. The PRF 201 receives control signal 260 from controller 
211 to adjust the peak reduction. The main baseband signal 
100 is delayed by delay function 202 to produced delayed 
main baseband signal 251. The delayed main baseband signal 
251 is gain adjusted by gain function 203 to produce delay 
and gain adjusted main baseband signal 252. The delay and 
gain adjusted main baseband signal 252 is subtracted from 
peak reduced baseband signal250 in subtraction function 204 
to produce baseband signal 253. The amount of delay 262 and 
gain adjustment 263 are calculated by the correlation function 
205 that uses main baseband signal 100 and signal 253 as its 
input. The correlation function 205 also receives a control 
signal 261 from controller function 211 to calculate the delay 
value 262 and gain adjustment value 263. The baseband sig 
nal 253 is convolved with signal 266 in convolution function 
207 to adjust in band and out of band baseband signal and 
produce baseband signal 254. The convolving signal 266 is 
provided by controller function 211. The baseband signal 254 
is gain adjusted by gain function 208 to produced gain 
adjusted in-band baseband signal 256. The amount of gain 
adjustment 265 is provided by controller function 211. The 
main baseband signal 100 is delay and gain adjusted by delay/ 
gain function 206 to produce delay/gain adjusted main base 
band signal 255. The delay/gain adjusted main baseband sig 
nal 255 and the gain adjusted in band/out of band baseband 
signal 256 are summed in summation function 209 to produce 
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modified main baseband signal 257. The modified main base 
band signal 257 is gain adjusted by gain function 210 to 
produce reconditioned and smoothen baseband signal 300. 
The main baseband signal 100 and the modified baseband 
signal 300 are applied to controller 211 to provide the gain 
and delay parameters needed for the gain functions and the 
correlation function. 

FIG. 3 illustrates the detail function diagram of the recon 
ditioning equalizer filter using convolution module. The 
received main baseband signal 100 is applied to Peak Reduc 
tion Filter (PRF) 201 to produce signal 250. The PRF 201 
receives control signal 260 from controller 211 to adjust the 
peak reduction. The main baseband signal 100 is delayed by 
delay function 202 to produced delayed main baseband signal 
251. The delayed main baseband signal 251 is gain adjusted 
by gain function 203 to produce delay and gain adjusted main 
baseband signal 252. The delay and gain adjusted main base 
band signal 252 is subtracted from peak reduced baseband 
signal 250 in subtraction function 204 to produce baseband 
signal 253. The amount of delay 262 and gain adjustment 263 
are calculated by the correlation function 205 that uses main 
baseband signal 100 and signal 253 as its inputs. The corre 
lation function 205 also receives a control signal 261 from 
controller function 211 to calculate the delay value 262 and 
gain adjustment value 263. The baseband signal 253 is con 
volved with signal 266 in convolution function 207 to adjust 
remove any out of band baseband signal and produce in band 
baseband signal 254. The convolving signal 266 is provided 
by controller function 211. The baseband signal 254 is gain 
adjusted by gain function 208 to produced gain adjusted 
baseband signal 256. The amount of gain adjustment 265 is 
provided by controller function 211. The main baseband sig 
nal 100 is delay and gain adjusted by delay/gain function 206 
to produce delay/gain adjusted main baseband signal 255. 
The delay/gain adjusted main baseband signal 255 and the 
gain adjusted in band baseband signal 256 are Summed in 
summation function 209 to produce modified main baseband 
signal 257. The modified main baseband signal 257 is gain 
adjusted by gain function 210 to produce conditioned and 
smoothen baseband signal 258. The baseband signal 253 is 
delayed by delay function 212 to produce baseband signal 
280. The baseband signal 280 is gain adjusted by gain func 
tion 213 to produce baseband signal 281. The amount of delay 
adjustment 271 for delay function 212 and gain adjustment 
267 for gain function 213 are supplied by controller function 
211. The baseband signal 281 is subtracted from baseband 
signal 254 in subtraction function 214 to produce the out of 
band baseband signal 282. The out of band baseband signal 
282 is gain adjusted by gain function 215 to produce gain 
adjusted out of band baseband signal 283. The out of band 
baseband signal 283 is added to main baseband signal 258 in 
Summation function 216 to produce reconditioned and 
smoothen main baseband signal 259. The baseband signal 
259 is gain adjusted by gain function 217 to produce recon 
ditioned and smoothened baseband signal 300. The amount of 
gain value 270 for gain function 217 is supplied by controller 
211. The main baseband signal 100 and the modified base 
band signal 300 are applied to controller 211 to provide the 
gain and delay parameters needed for the delay and gain 
functions and the correlation function. 
What is claimed is: 
1. A reconditioning equalizer filter using convolution to 

enhance the performance of any communication transmitter, 
in any wireless cellular, Personal Communication System 
(PCS), wireless Local Area Network (LAN), Wireless Wide 
Area Network (WAN), WiMax, Video and Audio Wireless 
Broadcasting, line of sight microwave, military, optical, and 
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4 
satellite communication systems and any other non-wireless 
applications, the reconditioning equalizer filter using convo 
lution comprising: 

a first feedforward loop to adjust an injected in-band base 
band signal into a main baseband signal; 

a second feedforward loop to adjust an amount of out of 
band baseband signal injected into the main baseband 
signal; 

a peak reduction filter to produce a peak reduced main 
baseband signal; 

again function that adjusts the gain of the main baseband 
signal; 

a controller that uses the main baseband signal, the output 
of reconditioning equalizer filter using convolution, pro 
vides predefined configurable baseband signal for the 
convolution function, and external information to pro 
vide control signal to various delay and gain functions as 
well as the peak reduction filter, the convolution filter 
and the correlation function; 

a first feedforward loop comprising: 
a first feed forward loop that injects a controlled in-band 

and out of band baseband signal into the main baseband 
signal; 

a first gain element that adjusts the gain of the main base 
band signal to produce again adjusted main baseband 
signal; 

a first delay element that adjusts the delay of the main 
baseband signal to produce a delay adjusted main base 
band signal; 

a Subtractor that Subtracts the delay and gain adjusted main 
baseband signal and the peak reduced main baseband 
signal; 

a correlation function that correlates the main baseband 
signal and the result of the subtraction of the peak 
reduced main baseband signal and delay and gain 
adjusted main baseband signal to calculate the amount 
of delay and gain adjustment for the main baseband 
signal; 

a digital baseband convolution filter that uses a config 
urable predefined baseband signal, and filters the result 
of the Subtraction of the delay and gain adjusted main 
baseband signal and the peak reduced main baseband 
signal as its input to produce an output that adjusts the in 
band and out of band baseband signal of the main base 
band signal; 

a second gain element that gain adjusts the result of the 
convolution of a configurable predefined baseband sig 
nal, the result of the subtraction of the delay and gain 
adjusted main baseband signal and the peak reduced 
main baseband signal; 

a third gain element that gain adjusts the main baseband 
signal in the reconditioning equalizer filter using convo 
lution; 

a second delay element that delays the main baseband 
signal in the reconditioning equalizer filter using convo 
lution; 

a delay/gain adjustment element that delay and gain adjusts 
the main baseband signal in the reconditioning equalizer 
filter using convolution; 

a first Summer that adds the delay and gain adjusted main 
baseband signal, the gain adjusted result of convolution 
of the subtraction of the peak reduced main baseband 
signal and the delay and gain adjusted main baseband 
signal and a pre-defined configurable baseband signal; 

a second feedforward loop comprising: 
a second feedforward loop that only injects adjustable out 

of band baseband signal into main baseband signal; 
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a third gain element that adjusts the gain of the Subtraction 
of the delay and gain adjusted main baseband signal and 
the peak reduced main baseband signal in the second 
feedforward loop: 

a second delay element that adjusts the delay of the sub- 5 
traction of the delay and gain adjusted main baseband 
signal and peak reduced main baseband signal in the 
second feed forward loop: 

a second subtractor that subtracts the results of the delay 
and gain adjusted Subtraction of the delay and gain 
adjusted main baseband signal and the peak reduced 
main baseband signal and the convolution filtered Sub 
traction of the delay and gain adjusted main baseband 
signal and peak reduced main baseband signal; 

a fourthgain element that adjusts the gain of the Subtraction 
of the results of the delay and gain adjusted Subtraction 
of the delay and gain adjusted main baseband signal and 
the peak reduced main baseband signal and the convo 
lution filtered subtraction of the delay and gain adjusted 
main baseband signal and the peak reduced main base 
band signal; 

a second Summer that adds the reconditioned and Smooth 
ened baseband signal resulted from the first feedforward 
loop with the gain adjusted subtraction of the results of 
the delay and gain adjusted Subtraction of the delay and 25 
gain adjusted main baseband signal and peak reduced 
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6 
main baseband signal and the convolution filtered Sub 
traction of the delay and gain adjusted main baseband 
signal and peak reduced main baseband signal to further 
condition and Smoothen the main baseband signal. 

2. The reconditioning equalizer filter using convolution 
according to claim 1, wherein a controller uses the input and 
the output of the reconditioning equalizer filter to control the 
delay and gain adjustment blocks used in reconditioning 
equalizer filter using convolution. 

3. The reconditioning equalizer filter using convolution 
according to claim 1, when it is used in any wireless and 
wireline communication transmitter, in wireless cellular, 
wireless PCS, wireless LAN, Wireless WAN, Wireless 
Broadband, microwave, wireless satellite, WiMax, wireless 
audio and video broadcasting, any wireline broadband cable 
and Digital Subscriber Line (DSL) transmitter, optical trans 
mitters, and any wireless communication systems used for 
military applications. 

4. The reconditioning equalizer filter using convolution 
according to claim 1, wherein the Digital Signal Processing 
(DSP) function can be implemented in programmable logic, 
Field Programmable Gate Array (FPGA), Gate Array, Appli 
cation Specific Integrated Circuit (ASIC), and/or DSP pro 
CSSO. 


